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    Herein, iron-gold core shell magnetic nanoparticles Fe@Au NPs was investigated as contrasting agent in 
radiation therapy in the breast cancer. Assessment of cytotoxic and radio sensitizing potential was done by 
MTT method and Flow cytometry. Radiation was done using Co 60 source. The response of cells to 
treatment with radiation alone and radiation with nanoparticles was assessed. The study demonstrates that 
Fe@Au nanoparticles do not have considerable cytotoxic effects, but they increase the effectiveness of 
radiation that means the survival of the group without nanoparticles exposed to 5 Gy radiations is 75%while 
the group with nanoparticles is 33%. With 2 Gy radiations the survival of the two groups are 87% and 80% 
respectively.                                                                                  
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INTRODUCTION 
     Radiation therapy applying the ionizing 
radiation as a cancer treatment is used in over 
50% of cases [1-3], but these radiations are 
injurious for the normal tissue around the tumor. 
Therefore, several techniques have been proposed 
to reduce this effect and make the distinction 
between normal and malignant tissue. Due to the 
importance of this fact, the introduction of 
efficient and robust manner to improve and fix the 
drawback has emerged [4, 5]. The radiation 
damages caused by the interaction of radiation 
with matter, which is based on the incident beam 
energy and target atomic number and severity of 
interactions changes. In this regard, the 
nanotechnology could be useful tool to overcome 
this problem and reduce the side effects of the 
radiation therapy in the normal cells around the 
cancerous cell. The nanoparticles with high 
atomic numbers can concentrated in the cancer 
cells as sensitizing agents and increased their 
absorption property [6-9]. The atomic number of 
soft tissue is around 7.5. Also, applying the heavy 
metals, their adsorption and uptake in cancerous 
cells could increase the atomic number depending 
on the material which lead to increase the 
photoelectric interaction in cancerous cells versus 
the normal ones [10-13].  
Additionally, gold nanoparticles (Au NPs) have 
been well studied because of their large optical 
adsorption coefficients in near-infrared region, 
where the biological tissues are transparent [14]. 
Gold (with atomic number 79) nanoparticles are 
widely used as an agent for enhancing the 
radiation sensitivity. 
Recently, the magnetic nanoparticles have opened 
new horizon to introduce new systems and 
improve the efficiency of cancer diagnosis and 
treatment. They have attracted a great deal of 
attention due to their potential biomedical utilizes 
[15]. On the other hands, magnetic nanoparticles 
have exciting different biomedical usages such as 
magnetic separation, magnetic resonance imaging 
(MRI) contrast agents, and targeted drug delivery 
 




for cancer therapy[16].  Due to the advantageous 
characteristics including the super paramagnetic 
property, non-toxicity, inertness, ease of detection 
in the human body, and high biocompatibility, the 
gold-coated magnetic nanoparticles have been 
used for a variety of biological applications[17]. 
Therefore the productions of the biocompatible 
core-shell iron-gold nanomaterials have emerged 
as a promising strategy over the recent years for 
their wide usages in the biotechnological and 
biomedical areas, including bio-targeting for 
cancer treatment, drug carrier, bio-detection and 
bio-separation[18-21]. Regarding to these efforts 
and reports, the introduction of novel low-cost 
and efficient MRI contrast agent integrating 
magnetic iron-gold core shell nanoparticles with 
various surface characteristics would be of great 
significance. Therefore, the aim of this study was 
to construct and evaluate the combined effect of 
gold nanoparticles (iron–gold nanoparticles) due 
to the presence high atomic number gold and 
imaging of tissue using the magnetic fields, and 
so the possibility of nanoparticles' accumulation 
in tumor tissue than in normal tissue increased. 
 
MATERIALS AND METHODS  
     All chemicals were purchased from Aldrich 
and used without further purification. Distilled 
water was used throughout. All liquid starting 
materials were degassed for 2 h prior to the 
experiment. 3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), 
streptomycin, penicillin G, all were obtained from 
Sigma Aldrich chemical company. Fetal bovine 
serum (FBS) and culture medium (DMEM= 
Dulbecco’s Modified Eagle’s Medium), and 
supplements were obtained from Gibco 
(Germany). Phosphate buffer (20 mM, pH 7.8) 
and corresponding salts were used throughout this 
research were purchased from Merck. All cell 
lines were grown in DMEM medium 
supplemented with 10% (v/v) heat-inactivated 
fetal bovine serum (FBS), 2% l-glutamine, 2.7 % 
sodium bicarbonate, 1% Hepes buffer, and 1% 
penicillin-streptomycin solution (GPS, Sigma) at 
37 °C in humidified atmosphere with 5 % CO2. 
All cells were trypsinized in the solution of 0.05% 
trypsin and seeded into 96-well micro-plates at 




Synthesis of Gold Coated Iron Nanoparticles 
(Fe@Au)  
    The synthesis reaction was carried out under 
inert atmosphere. The procedure for the synthesis 
of nanoparticles is schematically shown in Figure 
1. In a typical experiment, in a beaker (A), 0.665 
g FeSO4 was dissolved in 4.8 ml deionised water 
and 12 g CTAB, 10 g 1-butanol and 30 g octane 
were added. In another beaker (B), sodium 
borohydride (NaBH4) was dissolved in 4.8 ml 
water and mixed with 12 g CTAB, 10 g 1-butanol 
and 30 g octane. Micellar solutions containing 
FeSO4 (beaker A) and NaBH4 (beaker B) were 
mixed together under stirring, color change from 
pale green to black was observed. Once the iron 
nanoparticles formed, a micellar solution 
containing 0.0490 (M) HAuCl4 (aq), 6 g CTAB, 
5.0 g 1-butanol and 30 g octane was added 
followed by the addition of a micellar solution of 
NaBH4 (aq). Au (III) was reduced to Au (0) by 
NaBH4 and gold forms a coating on the outer 
surface of the iron particles. The iron containing 
nanoparticles were separated by an external 
magnetic field. The remaining surfactants and 
byproducts were removed by repeated wash in 
with 1:1 methanol/water mixture. The particles 
were dried under vacuum and stored, the resulting 
powder was black.  
 
MTT assay  
    To perform MTT assay the 96 well culture 
plates were used and the cells were cultured at 
concentration of 1×10
4
 cell per well. Then, Plates 
were incubated for 12h at 37˚C and CO2 5% for 
allowing the cells to attach the plate. Following 
that, the 96 well plates were irradiated using Co 
60 source. MTT solution stock was prepared prior 
to use and filtered through a 0.22 µm filter. MTT 
solution was added to each well (10 µl in each 
100 µl of culture medium) and cells were 
incubated for 4 hours at 37
ᵒ
C. Afterward, the 
medium was removed and the Formazan product 
was dissolved by adding 100 µl dimethylsulfoxide 
(DMSO) to wells. To ensure that crystals solved 
completely, the plate was put on a shaker for 5 
min. The absorbance of each well measured at 
540 nm using Multiscan plate reader (England). 
DMSO absorbance measured as control. Each 
experiment was performed at least in triplicate. 
 




MTT assay is related to number of cells in 
exponential phase.  
 
Flowcytometry analysis 
    The cells were trypsinized and counted, then 
were cultured in 6 well plates with the density of 
1×10
4
 cells per well and exposed to ionzing 
radiation. After 3 days of irradiation, cellular 
apoptosis was assessed with Annexin V apoptosis 
detection kit according to manufacturer’s 
instructions (eBioscience, USA). In brief, cells 
were harvested and centrifuged at 300g for 5 min. 
Then cells were washed once with Phosphate 
buffer saline (PBS) and once with 1X binding 
buffer. After that, cells were suspended in 1X 
binding buffer and 5 µl of flurochrome-
conjugated Annexin V was added to 100 µl of cell 
suspension and incubated for 10 min in dark at 
room temperature. Cells then washed with 2 ml of 
binding buffer and suspended in 200 µl of 1X 
binding buffer. Finally, 5 µl of Propidum iodide 
staining solution was added to 200 µl cell 




Preparation of Nanoparticles 
    The magnetic property of iron nanoparticles 
can be used to increase the contrast in imaging 
and also in targeted  navigation to the tumor area 
by usage of magnetic fields. The goal of this 
research is evaluation of the effect of gold coated 
magnetic nanoparticles in increasing the 
sensitivity of malignant cells to radiation. 
Therefore, the magnetic Fe@Au core shell 
nanoparticles were prepared as shown in Figure 1. 
Gold coated magnetic nanoparticles (Fe@Au) 
with mean diameter of 70 nm were synthesized. 
The nanoparticles were applied as contrast agent 
was investigated to enhance radiation absorption 




Figure 1. Synthesis of iron gold core shell magnetic nanoparticles. 
 
Cytotoxicity of Nanoparticles 
    To evaluate the nanoparticle cytotoxicity, cell 
lines of breast cancer (MCF-7) and normal 
mammary epithalia cells (MCF10A) were treated 
by various concentrations of nanoparticles. Serial 
2-fold dilutions of nanoparticles were prepared (2 
µg/ml to 48 µg/ml) and applied to both cell lines, 
then cells were incubated for 24h at 37 and MTT 
assay was performed. MTT results for both cell 
lines and all concentration are shown at Figure 2. 
The results illustrate that the cells viability of 
MCF-7 and MCF10A cell line is more than 90% 
for concentrations less than 20 µg/ml. However, 
in all concentrations the effect of nanoparticle on 
MCF-10A cells was less than MCF-7. Thus the 
concentration of 18 µg/ml was selected to use in 
combination with irradiation.      
 
Radio sensitization of nanoparticles 
    To determine the radio sensitization of 
nanoparticles, the cells were incubated with 
nanoparticles 24h before irradiation. After 
irradiation the culture medium was changed and 
the cells were incubated at 37˚C and CO2 5%.  
MTT assay was done after 48 and 72 h of 
incubation. The results are shown at Figure 3 (A 
& B). 
MTT assay was used to determine the effects 
nanopartcles on radiosensitization of the cells 
using radiotherapy. Results indicate that after 48h 
of radiation there are no significant differences 
between groups of treatments. Considering the 
results after 72h of treatments there is no 
significant difference between groups with 
radiation alone in comparison to radiation 
together with nanoparticles at 2 Gy. The cells 
viability of group treated without and with 
nanoparticles were 87% and 80%, respectively. 
But at the 5 Gy irradiations after 72h, the cells 
viability was 75% for group without nanoparticle 
which significantly decreased to 33% in group 
treated with nanoparticle and radiation.          
 
Flow cytometry analysis  
    In order to assess the rate of radio sensitization 
of nanoparticles by flow cytometry, MCF7 cells 
 




were cultured in 6 well plates. Cells were 
incubated with nanoparticles, 24 hours prior to 
irradiation. On the next day, cells were irradiated 
and after 72 hours, MCF-7 cells were harvested 
and assessed for apoptosis by flow cytometry. 
Results have been shown in Figure 4. Flow 
Cytometry results are compatible with MTT 
results, 72 h after irradiation.  
  
 




Figure 3. Graph of MTT results shows the levels of cell sensitivity after nanoparticle treatments in control group (irradiation without 
nanoparticles) and radiated groups exposed to 2 and 5 Gy after 48h (A) and 72h (B) 
 
 





Figure 4. Percentage of live cells and apoptotic cells in early and 
late phase in control group ( without irradiation ) and groups with 
2Gy and 5 Gy irradiation after 3 days following irradiation 
 
DICSUSSION  
     Nanotechnology can be used to concentrate 
nanomaterial with high atomic number in 
malignant cells and their property of increasing 
radiation absorption can be used to sensitize the 
cancerous tissues to radiation. On the other hand, 
the magnetic property of iron nanoparticles can be 
used to increase the contrast in imaging and also in 
targeted navigation to the tumor area by the use of 
magnetic fields.  
Gold coated magnetic nanoparticles (Fe@Au) with 
mean diameter of 70 nm were synthesized. 
Assessment of cytotoxic and radio sensitizing 
potential was done by MTT method and Flow 
cytometry. Radiation was done using Co 60 source. 
The response of cells to treatment with radiation 
alone and radiation with nanoparticles was 
assessed.  
Radiation was done using Co 60 source. The 
response of cells to treatment with radiation 
alone and radiation with nanoparticles was 
assessed. The study demonstrates that Fe@Au 
nanoparticles do not have considerable cytotoxic 
effects, but they increase the effectiveness of 
radiation that means the survival of the group 
without nanoparticles exposed to 5 Gy radiations 
is 75%while the group with nanoparticles is 
33%. With 2 Gy radiations the survival of the 
two groups are 87% and 80% respectively.  
The results of MTT assay and Flow Cytometry 
analysis demonstrate that the cytotoxicity of 
nanoparticle is not considerable at 
concentrations less than 20 µg/ml. Moreover, 
there are no significant differences between 
group treated with or without nanoparticles at 
radiation of 2 Gy. While, nanoparticle treatment 
with 5 Gy irradiations significantly decrease cell 
viability of MCF-7 cells and have considerable 
therapeutic results. Therefore, we found Fe@Au 
magnetic nanoparticles could be used to specify 
irradiation in breast cancer cell line (MCF-7).  
                                                                                                                                                          
CONCLUSION 
    Malignant cells treated with magnetic 
nanoparticles coated with gold (Fe@Au) have 
decreased viability during radiation than the cells 
without nanoparticles.  
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